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ABSTRACT

: Fow Wwnigee of bolis bave heen prepardd from SAE 4140,

- SAE 1120 Lotvolled, aed SAE 1020 cold-rolled ateels, and sub. -
jected to tynics! sh'rbe.¢d sbock mations while restcuiz oy load * :
of various magnitudesn. Bolt designs provided ratine »f sheai
-areu to.th.ond r~t aren of £.3/1 and 1/1 in e:2d of two shank
lersthu. Such quantities as the velocity and acceleration of the
rostiained foad, the velocity of tle shock mackine amvil table, -
aad ths dynamic strain and plustic olongation of the apecimen ) i
belt have boua wensnred . Cowparirvve of static: mad dymamic : ' ‘

siressvs asd cloagations huve been made 1o reveel ho- thelr
iclarionvlip kv affected by varistiov of Lokt yeometry snd me-
sorlal. T ganeral, 20 wee of reduced shasks b.; besn found te
result In worc desiveble shock properties, particolarly whem -
the bolt laagth is faiely great. The inpravemen is amallor wher
the bolt-loagh in whort. Bolta of SAE 4140 stesl havn lwen
fousd usually to posnavs u wors wesirable sombisation f pro~. - - |
erties than thoue of the other stacls mered. O : l
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PROPERTIES OF BOLTS UNDER SHO-'X LOADING .

INTRODUCTION -

Underwmer explosion tests bave shown that dynamic loads .snpported by holddown bolts sec urmg
heavy equipmerts we-e about twice as large as. could be carried statically. A secies of tests wer
undertaken to determine what bolt design and material would be most efficient under dynamic conditions
when the bolt londing and mechanical shock waveforms approximated field combat conditions. Specific
design data were desired for the SMRA-6 diesel engine holddown bolts.

It has long been known that the mechanical propertics of materials are affected by the rate of load
application. This characteristic bus been demonstreted for a variety of materials by authors listed in
Refereaces 1 through 19. In the specific instance of bolts ithas been shown that reduction of the
shank urea by diameter reduction, longitudinal flutes, or ‘axial holes, to a value comparuble to tie thread
oot area, will greatly increass their ductility and energy-absorbing capacity. Although much effort has
been expended in this field, test results are usually not directly comparable, and are viten incompatible,
principally due to differences in rates of loading, performance criteria, measurement techniques, and to
undctetmined parameters, such as previous history-of the specimen.. Test results indicate that oot all
the mechtanisms of dynamic performance are clearly understood, and that it would be difficult to pwdlct

a bolt’s behavior in a purticular dynamic application.

All of the tests ~ited above have been designed to rupture specimans with a single application of
load. Since such an occurrence would be cause for alarm in the case of a bolt restraining essential
shipboard equipment, the present tests were designed to investigate the properties of a bolt subjected
to repeated impact loadings at stresses below that which would cause rupture dering the first blow.

The relative quality of the bolts has been judged by comparison of the aumber of identical impact load-
ings tiey can withstand before failure, the average extension per blow, the total elongation, and the
maximum dynamic straia. Much of the data mcluded in this repurt for SAE 1020 cold-rolled steel boltﬂ
has been previously reported in Reference 18. : : B

SPECIMENS

The dimensions and designs of the bolts tested are shicwn in Fig. 1. They are nominal 3/4-in.- |
diameter bolts with over-all lengths of 2 in. for the short bolts and 4-1/4 in. for the long, and with ghank
diameters of 0.750 in. for straight-shank bolts and 0.656 in. for reduced-shank bolts.:Bolts of each
design were machined from hexagonal steel bar stcck, SAE 1020 in both the bot #ad cold-roll-d conditions,
and SAE 4140 cold drawn and stress relieved. These materials are representative of a group of materials
possessiog distinguishing metallographic characteristics; 1020 HR (hot tolled) bas a well-defined yield’
point, 1020 CR (cold rolled) exhibits a smooth transition from the elastic to plastic regions withouta -
pronounced yield point, and 4140 is classed as a Ligh-strength steel. The numbers of bolts of each
design and material tested are shown in Table Al.* Standard 0. 505-in.-diameter tensile specimens =
were prepared from the bur stock used for each set of bolts and tested statically’to assﬁr&’umfotmxty
of material. The deta from these tests are shown as Tables A2, A4, and Aﬁ.

. .
Tables Al through A D are conteined in the appendixe

1
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STATIC TESTS

Bolts ‘of each shank type, length, and material were tested statically, with the results shown in
Tables A3, A5, and A7. Typical lcad-strain curves for long reduced-shank bolts of all three materials
are shown in Fig. 2. A set of 12 long reduced-shank SAF. 1020 CR bolts was examined for evidence
of strain-aging. These bolts were subjected to two impact loadings, then aged at room temperature for
time's ranging from 2 hours to 96 days. They were then given a static tensile test to reveal any change
in mechanical properties. Although the elastic limits of all of these bolta wcre somewhat higher than
usual, no correlation was observable between this quantity-and the aging.time. A series.of repeated
loading static tensile tests on 0.505-in: specimens of this material revealed ro unusual characteristics.
All static tests were performed on a hydraulically operated tension-compression testing machine of
60,000-1b capacity. The strain in the bolts was measured by means of an ac bridge circuit incorporating
two diametrically opposite strain gages which were located adjacent to thc threaded section of the bolts.
The apparatus is shown in Fig. 3. .

IMPACT TEST PROCEDURE AND APPAI!ATUS

The impact tests were performed on the Navy Mediumweigh- High-Impact Shock Machine (20). Base

plates 17.6 in. diameter and 2 in. thick, and mating weights 17.1 in. diameter and 2 in. thick, were

" fabricated of hot-rolled steel plate. The weights fitted into recesses in the Lase plates to eliminate
shear and bending forces on the test bolt. The test bolt, which was loaded by the inertial forces of
the restrained weight during periods of negative acceleration of the base plate, was consequently
subject only to tensile loads. The impact test arrangement is shown schematically in Fig. 4 The
length of the tapered bushin; was adjusted to provide an initial lengt’\ of thread eaga~ement equal to
one nominal bolt dlameter (0.750 in.).

L
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scduced-shank !:o!g-» of the 4hres
materinles tested, 4140 isdicates
SAE 4140, 1020 CR indicates
SAE 1020, cold-relled and 1020 HR, ' s
SAE 1020 hoterolled steels, Strain

wes measured by an SR-4 gage
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Fige 3 -~ Static tensile test
apparatus, shown with 0.505-
in. specimen under test, Al
static tests were performed
in @ hydraulically operated
testing machine of 60,000-1b
capacitys Strein was meas-
ured by an SR-4 guge in anm
AC bridge circuite
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Fig. 4 « Loadiag arrangement !n aynunic testse Approprinte
instrumentation wae attached teo tﬁe loading nr:oi’ghu‘for moas~ " R
urement of load velocities aand lécelentiona. and the shock

mchine anvil tabls was struck fl"‘ﬂ below, "' ‘ -

Two extremes of shipboard installation were simulated by different methods ofattaching the base
plate to the shock machine. In the first method, the base plate was fastened directly t5 the anvil table,
providing very abrupt velocity changes. This type of shock is very similar to that expériénced by eqnip~
ments mounted near the hull of a ship subjected to underwate: explosion. In the second method, the Lase
plate was mounted on channels according to the normal specifications for shock tests of Naval equip-
ments (21). To a large extent, this removes the abruptness of acezleration and deceleration noted in the
first type of mounting, and is typical of that experienced by cquipments at inboard locations. The flexi-
bility of the channels, however, introduces strongly defined frequencies into the shock motions, which
may be extremely damaging when they coincide with the natural frequencies of equipments or components.
The two types of test mountings ere illustrated in Figs 5 and 6, respectively.

The siock motions of the anvil table were kept as vniform as possible from blow to blow by maine
taining the total load on the table constant {or all tests. The hammerw:s dropped from a height of
2.25 ft, and the unvil table was restricied to an upward travel of 1.5 in. The weighta of the loads
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restrained by the specimen bolts were cither 169, 293, or 423 b, and one holt was tested with a lo‘ad
of 122 lb. Following each blow, the bolt was removed, and its elongation was measured. R was then
replacad in the apparotus and tightened to a predctermined stress.

s

g £
A '/?s'(r':"; ¥ fa
. .

s

Fige 3 « Dysamlc test appatratus, aw arranged for loads mounted
ditectly om the shock mechine anvil table. Two bolts are hzrc
under test, their restrained loads topped by velocity materse The
dummy loads betwesn them enabled the total load on the shoeck
wackine savii table to be held constant !eﬁ both types éjf load<balt
mouating azrangements, :

The measuring instruments were au SR-4 strain.gage which wa.s- attached to the shank of the bolt
‘immediately adjacent to the threads, an MB type 200 velocity meter fastened to the anvil table, and &
quartz crystal accelerometer and/or an MB type 200 velocity meter attached to the load. The signals

produced by these devices were recorded simultancously. The instrumentation may be seen in Figs. 5
and 6. ' )

Before cach teet blow, the bolt under test was tightened until an attached strain gage indicated
preatress of 25,000 psi. In the case of 1020 HR bolts, the prestress was reduced to 20,000 psi. The
torque required to reach this stress when the balt was first tightened was rocorded, enabling the prestress
to be approximated for later blows if the strain gage had failed. In the case of straigh:-shank bolts, where
‘most of the elongation occurred in the exposed length of the thread, the strain gage nsal'y survived the
bolt. In the case of reduccd-c hank bolts, the gage usually failed after the first few blows, since elonga-
tion occurred almost exclucively in the shank, near where the gage was attached.

CHARACTERISTICS OF IMPALT TEST RECORDS

Figure 7 presents typical records obtained during tests of virions bolts. Rerosds of the velocity
of the center of the anvil tuble exhibit a waveform approximating a step change of velocity with some
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Fige 6 - Dynamic test apparatus as nrrqngeﬂ for loads mounted on }

channels. MHere the -base plate of Fig. 4 is sccured to stundszd
mounting chaonelss One bolt is shown in position far tes:,

high-frequency modulation. The anvil table is accelerated upward foc a period of about 1 millisecond,
after which its average velocity iz ess=ntially constantat a value of about 6 ft/sec. When the anvil
table reaches the limit of its permissible travel, it is abruptly restrained by the tabl~ holddown bolts,
its velocity reversal taking 2 to 3 milliseconds. Timing was provzded by an auxxllary 1-ke signal, oc .
by blanking markers spaced at mxlhsccond mtervals. )

When the load is mounted direclly on the anvil table (Fig. 7a and 7b), its velocity record is
essentially that of a high-frequency, sin-le-degree-of-freedom system excited by a step change of
velocity. The frequency of the load-bolt system varies from about 200 cps for 423-1b loads to 300 cps
for 169-1b loads. In the case of anidealized, undamped system excited by a step vclocxty change V,,
the motion ofthe mass may be descnbed by xhe expressioa

v, = v, Ii-cos wat],

where V, is the velocity of the mass and w, is the natural circular frequency of the system. In these
tests, the peak load velocities were found 1o be about 1.6 1o 1.7 times the velocity of the anvil table,
indicating that this simple system is a fair approximation to that which actually existed.

Records of load velacity in the case of channel-mounted loads (Fig. 7c) reveal a rather smooth -
sinusoidal moticn at a frequency of about 60 cps. Abrupt velocity changes, due to stopping the anvil
table, are ivolated from the test bolt due to the low-pass filter action of the mounting channels. %
was found under these circumstances that, for light loads, many of the bolts did not stretch plastically,
80 it was nccessary to replace these loads by ones of 423 pounds Lelore any plastic strain could be
induced. Since the data from these bolts, when restreining 169-1b loads, consist eatirely of zero

average exiensions per blow, they nre not included ir the graphs of Fig. 9, but are presented separately
aa Table A9, . :



X

A- 1020 HR SHORT SYRAIGHT - SHANK oo
é93 L8 TABLE ~MOUNTED LOAD

4 B~ 1020 CR LONG STRAIGHT - SHANK
O . 169 LB TABLE-MOUNTED LOAD

FT/SZC O
3
c 'O
x
I
X
.
FT/3EC

C- 4140 SHORT REDUCED ~ SHANK
923 LB CHANNEL-MOUNTED LOAD

Fig. 7 - Typical dynamic test records. Timing is provided by a 1-k= auxiliary signal or by blanks at l-m
intervals. An offset between channels is prexent due to the geometry of the tecording system, The pi :
the left of the records indicate. the same instant of time. In part 3, the millixerond i;hnl imn:q-dhttf r“n.:-
ceding lh.e onset of activity ix the same instant in all channelss The abrupl change in the anvilytrb\e
velocity (20} sbout 20 me from its initial rise ix due te the table striking the upper limi stopx, and reversin

its travel, The wmarked chunge in the nature of the load velocity (s i caused bymountir:x the ioad—bol‘x
system on channels is teadily apparent in Pig, =, Fooad and anvi) talle velovities (e and & respeckively)
were measured by MU oaype 00 velgeity meters, Joud weceleration (¥1) by a Restinghouse qz'nru u‘ce!erz-
meter, and Solt <tron (1) by an SI'-3 guge neat 1a the threadx and 4 e f;ri-!:r vircuit, )
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When the lond-bolt system is mounted dxreczly on the anvil table, four major strain peaks are
found (Fig. 7). Three of these occur during the rise time of tht unvil uble, while the fourlb and
generaliy largest, coincides with the revemsl of the table.

The first three penks are cuused by ransicnt oscillations due to ﬂexxblhty of the table wh:ch
impose dynamic strains on the bolt before the anvil table reaches the upper limit of its travel. The . - '
maximum value of the first strain peak is of the sume order of magnitude as that cawsed by table
reversul, pud is sufficiently large to extend well into the plastic range. The forces acting on a bolt
at these times may be determined as the product of the weight restrained by the bolt and its negative
peak of acceleration, which is shown on most of the records.

When the foed-bolt system is mounted on channels, strain peaks appear at each period of negative
load acceleration. Except for the 423-1b loads, these peaks ars small and almost entirely elastic. With
both methods 6f load mounting, the strain records are quite smooth, indicating that the higher frequencies
observed in the load velocity and acceleration curves are local vibrations at the instrument locations ;
that cause little strain in the bolt. . ' - : i

If the strain maxima for cach blow are derived from the SR~ records for several succesaive blows,
they are found to decrease steadily. This effect is caused by the developnient of necking at a iocation
some distance from the gage. Since reduced-shank bolts are subject to greater uniform strain.than the
straight-shank type, and short bolts are generally subject to greater atrains than long bolts, this effect
can be observed ‘only for long, skmght-shunk bohs. T]ns effect ma) be c.bserved in the group of data
in Table A3. - ‘ o

“Although necking occurred in the threads of !he stra:ghtasbaak bolts some permanent elongatwn '
occurred over the entire length of the bolt for the first two or liree blows. Thereafter, the ratio of
thread root area to shank area was reduced sufficiently to pause all yielding to take place.in the exposed - :

-threads. Reduced-shank bolts, on the other hand, continued t6 strain plasticelly in the shank. As a
result, strain gages were subjected tomuch greater strains in reduced-shark bolts, usually s1fficient
to cause gage failure during the first or second blow. Tbose attached toSAE 4140 bolts generally
survived three of four blows. .

R R KB B e o

ared s o ST

Five of the SAE 1020 IR short, s&ﬁxghb’élﬁnk bolts .fuled by ébearmg their threads} this was not
obeerved in bolts of the other materials. Tbese bolts are mdu:ated by aT beueath the appropnate barn
of Figa. 8 through 16. :

Dne SAE 1020 HR long reduced-shank bolt eloagated to snch a degree that it could no longer be
tightened; testing of this bolt was consequently discontinued. "All of the 1020 HR straight-shank bolts
failed in the threads, and all reduced-shank bolts failed about midway along the shank. All’ bolts showed

reduction of area at the point of failure; this was greatest for the SAE 1020 HR bolts and least for Do
SAE 4140. , . !

e

Tt is usual, in the case of tests whick rupture the specimen of bolt with a single blow, to present
impact work, or its ratio to static work, as the quantity of interest. Underthe conditions or repeated .
impact loadings, this quantity is difficult to determine, due to the uncertainty concerningthe energy
absorbed by the bolt for any particular blow. From the bolt strain and load acceleration curves, an :
estimate could be made forthose Llows for which records of these quantities exist, but a great deal -
of computation would be required, and a reasonable segree of accuracy could not ultimately be expected. ;

Measured values of the selected test parameters are shown on Figs. 8through 16. Esch blow is repre-
sented by u separate numbered bar. The values shown for average extension per blow are those observed
for all blows except that which fractured the bolt. The extension for this last blow was vsually about half w
that for any preceding blow, indicating that the bolts usually failed at an ecarly atuge of the last blow. The
valurs given for the other properties are t1:+ averages of the values observed for all blows.
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A considerable increase in dynamie
slum may be found during lbu penod as compared ‘with thowe of the first peak; in the case of 1020 HR

bolts the increansz was se grest az to reault in mvannbk fsnlure o! the gnge. The velues stated are

averages for all blows,

It should be noted thut the peak table and load velocities had little effect on the rate or magnitude
of the strain expetienced by the bolt. In addition, differences between these velocities do not accurately
provide the velocity of deformation of the bolt, since anvil table or channel flexibilities permit the base
plate of the testing rig to acquire velocities considerably different from those measured at the ceater of
thz ‘anvil table. The maximum inertia load supported by the test bolt is the product of the peak nepative
acceleration {or the maximum negative slope of the velocity-time curve) and the mass of the load, and is
cqual to the maximum force transmitted by the bolt. This quantity is dependent upon the strength of the
bolt. Considering the designs of the bolts tested, it is evident that the gages attached to reduced-shank
bolts will be at iocations where maximum strain occurs, so that readings from such gages may be expected
to vary with the maximum inertia load on the bolt, whilz pages attached to straight-shank bolts will be
exposed primarily to the elastic part of the strain, so that any relation between peal inertia load and peak
strain measured in these bolts will be much less pronounced. That this is l'nund experimentally may be
seen from the dats of Figs. 11 through 16,

Records of bolt strain and acceleration of table-mounted londs (Fig. ?) show four majoc periods of
activity; of these, however, the period immediately follcwing the initial acceleration of the anvil table
and that associated with the anvil table reversul generally have more effectthan the other two. Consequently,
data are presented for thene two periods only, the former being referred to as the “first peak” and the latter
an the “accond peak”. The sccond peak is somewhat greater in magnitude than the first, and consequently
plays a propactionately preater role in the determination of the properties of bolts as mensured in these testa.
In nl% graphn, the values stated for the teat parameters are the avernge values for cach blow during which
these quantities were r2asured,
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MPACT TEST RESULTS

Blows to Failure

Since the vclocity of the load reiative to the anvil table was found to be.about the same for all
loads and bolts, being varied principally by the load-mounting arrangement, it may be assumed that
all bolts tested with the same load and load-mounting drrangement absorbed about the same amount of
energy duwring a typu:ul blow, and that this amount of energy increcased about linearly with the load
("eneral trends drawn from Fig. 8 concerning the number of blows to failwre indicate that

a. Reduced-shank bolts will withstand more blews be fore failure tban equivalent straight-shank
bolts. : .

b. Long bolts will withstand more -blows belore failure then equfvaleut short bolts.

c. Short reduccd-shank belts are -onljr slightly better than short straight;e_;hank bolte; the
advantage of the reduced-shank holt becomes congiderable as the bohs become long.

d. Long stra:ght—shauk bolts have.only a slightly lbnger life under the given shock eondmons
" than equivalent short straight-shank bolt.s. o _

e. The riumber of blows a bolt of any design aﬁdAmélerial <¢an sucvive will vary 'ipnrsely with
the !oad multiplied by a constant determined by tbe'material bolt design, and load mounting.

f. Other control parameters being the same, SAE 4140 bolts will » survive the gr,eatest aurber
of blows, follewed in order by SAE 1020 CR and SAE 1020 HR. -

It is interesting to note that with loads of 423 ponnds bolts of all desxgns, materials, and load
mounting arréngements survive a comparable number of blows (about 2 to 4), although the variation is
very large (from 5 to 25) when the lighter loads are used. Mounting the load on chanpels appears both
to increase the individual variation between results of identical bolts, and to "amplify the dependence
of "blows to failure” on load. Some bolts, for chnnnel-mounted mangements and for small loads, could
not be fractured; on the average, those bolts which were fractured with channelsmounted ‘arrangements
survived about zhe same number of blows as similar bolts vnth tlze same loada table-mounted

Average Elongation per Blow
The bar grapbs of Fig. 9 illusirate the elongation per hlow‘ and permxt the fo!lowmg generalizatxons'

a. For a given condition, the bolt elongauou per b]ow, for asuceessiva serien of blowa exclusive
of the blow causing fracture, is approximately constant. . - - "

b. The major !actors affecting the bolt elongation per blow were tlxe bolt material, the load,
and the load-mounting arrangement.

c. Minor vuriations in bolt elongation were caused by bolt design. These effects were more
pronounced for greater loads. In genernl, average elongations per blow were greater for reduced-
shank than for straight-shank bolts, and short bolts generully had greater elongatmns per blow than
similar long bolts.

4. There wna no correlation between elongation per I.\low with chanpel- and tableﬂuounted
arrangements,
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e. As expected, the average elongation per blow was greatcr for SAE 1020 HR bolts, followed
by SAE 1020 CR and SAE 4140 bolts.

f. In general, long reduced-shank bolts showcd greater average elongatjons than bolts of the
other designs.

" Total Elongatior at Failure

Figure 10 illustrates the total elongation at failure, from which the following generalizations are
made:

a. Reduced-shank bolts undergo greater total elengation than straight-shank bolts, and long
bolts undergo -greater total elongation than shori bolts.

b. The increased total elongation of long bolts as compared to short bolts was less noticeable
in straight-shank than in reduced-shank bolits.

c. Total elongation was fourd to be a constant of the material.and the bolt design, and was
little affected by changes of the load and load mountlng.

4. Total- -elongations of SAE 1020 HR bolts were the greatest followed by 1020 CR and
4140 bolts.

It should notbe inferred from this that the total elongation will not change if the rate-of-strain is
drastically altered. Table 1, which illustrates the total elongaticn to fracture for similar bolts under
static and dyramic conditions, shows generally increased elongation under dynamxc conditions, with
a greater perce ntdge increase for reduced shank bolts.

An interesting feature of these gmp!\s is that the total elongatxons of long reduced-shank bolts
of all materials are greater for 169-1b loads than with other loads. Since with this load, bolts of this
design had by far the louzest lifetime (most blows before fracture) of all bolts tested, this is possibly
due to a strain-aging process. Other attempts to show strain aging were not successful.

Load Deceleration, Peak and Average

In the duta shown inFigs. 11 through 14, peak decelerations have been derived from the maximum
negative signals of the load accelerometer, and “average” decelerations from the average slope of the
load velocity-time records. This latter figure is more significant, since the higher frequencies present
in the fcrmer are ignaied. These: higher frequencies are local vibrations which do not appear appreciably

.in the strain records of the bolts. The average decelerations indicate the maximum values that can be
effected under these load-bolt arrangements and for these shock conditions. The bolts were undergoing
plastic flow during the stage of meximum deceleration.

Load decelerations encountered during the sccond peak {the peak resulting from the reversal of
the table velocity, Fig.7) were generally somewhat greater than those found during the first peaks; in
particular, a very large increase (about 200-300 g) was found for peak decelerations of loads restrained
by short straight-shank bolts of bot}. SAE 4140 and SAE 1020 CR steel. While individual variations of
similar bolts were also more pronounced, the gencralcharactensucs were much the same as those found
during the [irst peak.
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TABLE 1
Corparison® of Sratic and Dynamic Properties of Bolts
» Total
Vateria) | Type of [Bolt length | Restrained | qp.on type Blows to | jongation Cmax
test C(in) lond (1) frilure Cin.) (psi x 100)
1020 IR | Dynsmic ~ 169 Reduced - - -
169 Straight - - -
293 Reduced - - 85.8
293 Straiglht 6 0.698 s8.9
423 Reduced S 1.185 74.0
423 Straight 4 0.684 70.0
2 169 Reduced - - -
159 Straight - - -
293 Rerhuced 4 0.456 78.0
293 Straight 3 0.218 55.8
423 Reduced 2 0.442 84.3
423 Straight 2 ¢.378 60.8
Static 24 Recduced 1.056 49.8
) Streight 0.618 52.8
2 Reducesd 0.464 65.6
Straight 0.250 0.9
L/S Ratio) ~ Reduced 1.1 1.6
. Straight 1.1 1.2
- I Redhuced 1.0 1.2
. Straight 1.3 1.1
1020 R | Dynsmic 4% 169 Reduced 15 0.708 117.2
169 Straight 10 0.356 104.2
293 Reducee 3 0.504 169.0
293 Straight - - 109.1
423 Reduced - - -
423 Straight 3 4.313 149.3
2 169 Reduced L ] 0.347 148.2
169 Straight f 4 0.278 120.%
N 293 Reduced 3 7,302 :55.%
293 Streight 4 0.300 124.0
423 Reduced 3 0.297 132.7
- 423 Straight 3 0.296 96.0
Static » Reduced C.418 90.8
Straight 9.311 75.1
* Reduced 0.280 97.7
2 Straight 0.274 77.5%
{D/S Ratiot o Reduced 1.6 1.6
Straight 1.1 1.6
2 Reduced 1.1 1.8
Straight 1.1 1.8
4140 Dvnawmic L. 169 Redced 21 0.610 83.1
169 Straight 10 0.222 71.2
293 Reduced - - 98.1
9 Straight 4 0.208 84.1
423 Reduced 7 0.523 82.7
=3 Straight 2 0.208 85.%
2 169 Reduced 3 0.166 84.1
169 . Straight s 0.114 74.4
293 Revhuced - - -
293 Straight 2 0.112 84.1
423 Reduced 3 0.215 97.9
123 Straight - - -
Static N Rerduced 0.378 102.2
Straight 0.186 89.2
2 Reduced c.119 109.6
Straight 0.117 94.1
[D/S Ratio 4% Redisced i.5 0.9
Stiraight 1.1 0.9
2 Revluced 1.6 0.8
© Straight 1.0 0.8

-
Values given are average values from sl bLolts restraining teble-mounted loads.

osll

the blow which fractured the bolt.

= maximum 3tfre3s, computed from velocity records, and does not include data from

“
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Peuk Dynamie Strain

The dynamic strain-was determined by a ,;age utwched ata defm:ta location on a bolt, and
indicates only the average strain that occurs over that section. The sensitive element cousisted of
an SR-4 strain gage affixed tothe bolt immediately above the threads, and-hence removed from the
region of necking of all bolts. The data presented are consequently more nearly proportional to the
uniform part of the strain then to the total elongation, The following generahzalmns may be made
from the strain records and the tabulehons of Figs. 15 and 16:

a. Under the same experimental conditions, reduczd-shank bolts underwent a greater uniform
strain than straight-shank bolts, and short bolts experienced a greater strain than loog bofts.

b. The variation of indicated strain with bolt length was greater in reduced-shank bolts, where
the distance between the gage and the region of necking varied, than in straight-shank bolts, where
necking occurred at the same distance from the gage regardless of bolt length. This effect was less
marked in SAE 4140 bolts than in those of the other matermls, since in- thxs case only a small amoun?
of necking occurred.

c. While SAE 1070 HR bohs a.cqmrcd the greatest total elongation (Flg 9), this was due largely
to neclnng. the uniform strain was lowest for SAE 1020 HR bolts. :

Strains measured during the second peak (reversal of Lable Velocxty) were much greater than those
found during the first peak, particularly in'the case of 1020 HR bolts. In bolts of this material, local
strains were suffxc:ently hxgb Lo cause fallure of tbe gagc.

CONCLUSIONS

The use of reduced-shank bolts resnlts inmore desirable shock characteristics, particularly when
bolts are fairly long. The effect of reducing the shank is not great for short bolts. Sincereduced-shank
bolts can still be tightened after having been stretched to an unsafe degiee, it may be mecessary that
their lengths be checked after conditions of shock that require retightening, and thatthey be replaced
when their percent elongations reach some critical value, determined pnmanly by the material of the
bolts.  For straight-shank bolts, the plastic strain occurs in tbe threaded regxon, so such a bolt can
no longer be tighiened after much plastic ﬂow. ‘ ST :

Rhile it is known (11) that the advnnta'ves of high tensde al!oya wztb respect to the mild
stecls may decrease under conditions of ehock, there is still a consxderaule advantage in the use of
properly heat-treated high tensile alloys. Of the three materials tested, the SAE 4140 possessed the
most favorable properties. SAE 1020 HR should not generally be used unloss some shoclc protecticn
is desired by virtun of its ability to provide large deformauons. - P e

Such stress risers as threads and scratches, that require & relatively small amount of plastic flow
for their relief, have comparatively little effect on the performance of bolts undsr shock conditions.
it should notbe inferred from this that stress risers such as cutouts and corners in structures, that can
only be relieved by a large amount of plastic flow, are uriniportant.

Aging processes appesr to have a defirite effect on the properties of bolts under impact conditions,
but this can only be qualitatively determined from the data of these tests. It appears that if more strain-
aging time is allowed, some improvement in the number ofblowa to failwre, or ability to abaorb energy,
results.

RSN
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The test resnlts, summarized inTable T, huve been found to be exssentially in agreement with
published data (11), particularly in the case of reduced-shank bolts. The ratios ef dynamic to
static clongations, und the ratios of dynamie to static maximum stresses, exhibit considerable variation
with bolt design. In general, SAE 4140 bolts exhibit the greatest increase in ductility under dynamic
conditions, while that of 1020 [} und 1020 CR bolts increcases but little. SAE 1020 CR bolts, however,
show the greatest increase in muximum stress, while 4140 bolts show the somewhat anomalous character-
istic of an actual decrease in this quantity. This is probably due, at least in part, to the fact thatthe
dynamic stress-smain curve of this materiul decreases considerably for blows following the first; for
example, the curves of Relerence (11) indicate that while the dynamic proportienal limit-during the first
blow is 1.64 times the static, d' ting the second blow this racio drops to aboui 1.44. This effect does

not occur to such an exteat in eithe;r SAE 1020 HR or 1020 CR bolts.
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APPENDIX A
Soma Static end Dynamic Propertiss of Reprasestative Bolts

In this soction, tablew of sundry propertios of interest are presented. Table Al clasnifles the
bolts accarding to shank type and length, and shows tha number of bolts of each type tasted. Tablss
A2 through ‘A7 prewont tha data ftcra the serian of static tests of both holta and standerd 0.505-in.-diameter |
- specimens,|Table A8 chows seme dynamic peoperties of representative 4-1/4-in.-loag straight-ahank bolie,
and Table A9 prenesie the tert data for such bolts ae were not greatly deformed under their tast conditiona.

i TARLE A
L Wmber of Bolte Tested

ﬁ:at
Msterial RO —;;- 7"2.[.

100w | 6, 4] 8] ¢! M : °
| s]ejnajrg s
4140 710] 4] 3]

Totak [ 10 J17 )24 {22] W

HMeter W - Veap, isduved: ifenh

elw

O - isag, ottuight- Mo
i

88 - shert, veduned- ohend
tole

. O - sheet, tiveighacchanh
[ 21 ]
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TANLY A2
Static Propasties of 1020 MR 0.508-1n. -Olownter Specimens®
Ociginal N o o - o [geduction
r (] L]
Bpecimen °‘I“‘:_“' ook % 108) [ ¢ond 2 103) | (9at = 10%) [ (put 10‘) () °?(;;"
1 0.5034 30.8 41.) 62.0 47.% 40.3 62.1 4
3 0.5084 3.0 4.1 $9.1 42.4 42.9 4.7
3 0.3048 0.8 LI s7.9 40.8 3.8 ([N ]
4 0.4M 36.3 4.7 9.6 .3 61.4
3 0.5082 n.3 40.4 .. 4.9 4.0 61.6
[} 0.408 3.3 3.4 %0 9.0 él.0
areqs 0.4 0.7 0.5 T es.2 Jars| a.e
o = yislO peias w, v vtroas 3t fedlure
¢: » merions stevve 4, = strels ar follure
TABLR A3
Statla Prupsetive of 1030 IR Bolte® .
Sole [ Oristml T —-’V o, -, -, Toteld
Specinm | Tvee Dty [cpet ¥ 1053 (owt x 10%) [ mok n 16%) f (oot = 10%) .'"(",;“)""
1 B | 0.65 .. b B} 0.8 42.4 1.070
b | o | o.688 1.6 3.9 0.8 ».9 1.002
3 n| o .9 2.6 5.0 1.3 0.012
[ o | T80 0.1 .9 Q.6 4.6 0.928
s m | o0.058 2.2 .9 “.8 2.9 0.450
[ m | s - M0 39.8 «@.8 3.4 0.400
7 n | e 2%.4 n.e n.o; 0.2%
| » | o 3.2 »n.¢ 9.9 0.4
Mverage 5.0 3.4 .1 48.9
‘Q, ® gield puint W ™ Jeng, ctvaight-sheah bele
&, 7 sasiove otrons 0 © vaert, redvecd- shesh Selo
O, ® steven ot lallnes B0 ® share, etraighti~chask uie
W ¢ lewq, coduece-shenh Wit Phreea tetinn
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TABLE A4
Static Peopirtios of 1020 (R 0.303-in. -Diemster Specimenss
Ocbginal £ % < o, [
Speciman | Dlamater §opri o 000y | epat x 109) [ (%) [(pai x 109)] (%)
Cin.)
1 0.3042 29.0 3.0 0.10 *96,0 1.8
2 0.508 9.2 47.% 0.163 8.9 10.0
3 ©¢. 304 2.1 51.28 0.17¢8 90.0 15,8
4 0. %8 2.0 48,78 0. 167 87,78 18. %
L | Q. %8 .0 4.9 0.267 4.3 1s8.0
] 0, 5048 3.4 s0.0 0,170 9.5 16. 5
7 0.%8 2.4 0.0 0,17 90.0 16,3
s 9.808 1.8 %0.¢ 0.'e0 38,28 ] 1s.3
L 4 0. 504 .4 48. 718 0,148 90.0 16.8
10 0. 304 6.1 4.5 0.3/8 88,78 18.8
. Nn 0.5Q8% 2.3 0.6 Je.n 94,0 17.0
Averoge ».6 40,3 0.178 | 88,8 16. 6
'U' " prepuctinnnl dimit v, * geniaym sireas
l, ® atraln at priporiinast tlale €, " strale a1 feiluve
TAMLE A
Stetic Properiles of 10X R Solter
| : Bole g:llln‘l T - .y ., o, ‘“Qll
Bpecimen meter ) ] F] 3 3y | elpnyatian
type (in) (vel a 09 [ (pal x 103 [ (pat » %) { (pei x 103 (ine )
1 M | 0.es8 . s 0.92¢
2 m | 0.638 92.0 e 0. 909
3 R 1 0.6 ».4 aiv 9.8 [N ) 0.409
4 L W 0,8 62.1 0.4%09
s |2 9.88¢ 2.5 6.4 0.409
[ |3 0.018 0.2 $0.3 98,9 8.5 6.412
7 % {om ns 45.2 74.4
8 o 73.0 2.3 0.39
9 % {o1m 7.8 0.0 0. 328
w a o ».1 2.3 3.0 3.3 0.311
1 8L ] o0.7% ».7 e 9.1 8.9 [ B '
12 ] 0.6%8 7.8 4.9 9.391
13 RS | 0,688 7.6 74.0 ®.
W 3 e .0 5.6 0. 23
¥ 8o 7.0 .3 0. %8
Averoge .6 4.1 M7 ®.3
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b 3 . : TABLE As
. ' P Statir Propertias of 4140 0,305 in. -dismeter Specimenn® :
) : 1 . . Oclginal 'y vy (0. 1%) o, ) o, <, ’
: Specimen ‘“(":’:')" (oei x 108) { cpad x 10%) | (pei x 10%) [ eani w 103 | (psi w 308)] (%) 1
S t 0.508 7.3 26.8 82.9 i
) 2 0. 508 27.3 14.3 107.1 8.9 13.0
[ ’ 3 0. 508 23.9 17.% 76.8 07.1 14.3
- . L] 0. %07 0.8 LA ] 718.3 m,z 9.6 10.8
q s 0. 508 281 32.2 87.0 109.2 94,0 12.§
[ 0. 308 44,9 104.6 [ 1N 4 13.8%
b 0. %08 52.9 104.1 9.4 1.3
L] 0.%083 LA N m.,1 8.2 0. S
9 0. 5038 3.4 . 1091 4.1 N 135 i
Averoge IR "3 80.4 16.¢ 2.4 12.7
— A
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O10.IN) " strese wsrrevpending te D. 18 plestie atroia ¢, ® etralr ot (ollure
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TABLE AY 4]
Btatic Properties of 41D Boltse |
Bolt | Originel Y °, r o(9. I%) e, Tatal
Specimen | eype “t.l'v‘-")" oo = 10% oot % 0% [ (pol 5 10%) | (sl » 0¥ ""("‘G:,‘“
Croup 1 (1 JM4)
1 R | o0.6% n. 17.8 4.1 101.0 . 387 :
2 ® | 0.73 P a1 17.0 ”.0 0109 |
3 | o0.858 3.7 6.4 90.1 0.0 0. 163
4 3 0.7%0 2.9 n.e ™M.0 4.2 0.087
Oroup I (X SR4°e)
] W ] o.e8e ns .3 e »¥e 0. &
L} | e ».3 5.0 ¢ 0.8 0.100
] 28 ! 0.646 3.0 8.8 .7 00.3 0.07¢
A 8| 0.0 8.6 An.r 77.0 ".0 0.168
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TARLE A8
Same Dynewic Pioperties of IN-in.  Long, S1eeidit:Shark Balta Restrmining
Tablo-Nounted Londae
Rult elongation .
Type of |Restesined| Blow o, Toun Stroln ot S 4(%) Cin.}.
LLLLLIE S S 1oad (Jb) {number ((pal x 10%) [(pel 5 W[ Fotal -
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